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Abstract 
Qiqihar is located in the northeastern of China, the climate is cold. It was one of the famous industrial cities. We issue three 
hundreds questionnaires to community residents and workers, do the 24-hour field measurement for four residences belong to the 
respondentsÿ and the 114-hour field measurement for one residence. Analyze the relationship between Qiqihar residentsÿ 
individual health and living environment during winter heating period. Compared with the analysis results of the field measurement 
and come to the conclusion. It shows that during winter heating period in Qiqihar, the indoor temperature is higher than the design 
value and the relative humidity is lower. The concentration of CO2 and PM2.5 exceed standard that will increase the risk of nasitis 
and bronchitis. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
As a results of low outdoor temperature, winter heating period of northern China would go through for half a year, 
windows and doors are closed most of the time, necessary ventilation is lacked. And because of the low indoor relative 
humidity, healthy risk cannot be ignored. The results of field survey show the main affecting factors of winter indoor 
environment quality in northern China is thermal and humid environment, concentration of CO2 and PM2.5 [1]. 
Qiqihar City was important heavy industrial city in the cold region of China which have many industrial enterprises, 
the regional economic level and the surrounding environment have a large impact on living environment. The method  
of questionnaire and field survey adopted by the subject is based on method of Key Projects in the national "Twelfth  
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Five-Year" science and technology support program (No.2012BAJ02B05) of China [2,3]. The main research objects 
is indoor living environment during winter heating period in Qiqihar city. By large sample questionnaires and in-home 
field survey, research on the health effects on residents related with indoor environment during winter heating period 
in Qiqihar. Analyze the indoor environment condition and life style effect on health and their relevance of worker 
groups and community residents in Qiqihar by statistical analysis method. 
2. Questionnaire 
The questionnaire is divided into four parts, the four parts is basic properties of respondents, regional environment, 
potential health risk in various function rooms, health status (physical, mental and illness). Respondents comes from 
six different communities, each community was issued 50 questionnaires, 300 totally. And we acquire 271 effective 
questionnaires, the effective return ratio is 90.3%. 
The questionnaire survey results shows that the respondents’ age are between the ages of 30 to 50. 42.6% of the 
respondents are male and 57.4% is female. Over 72.7% respondents have lived in local for more than 5 years. 68.6% 
of respondents have college degree or above. 72.6% of the people active in home for over 9 hours so the residential 
environment have large impact on people’s health, 16.6% of the respondents to smoke and 9.6% of them drink twice 
a week at least.  
Besides, all the respondents live in multi-storey building and the structure of building is reinforced concrete or brick 
concrete. 
2.1. Regional environment 
The results of survey on regional environment shows that about 28.3% of the respondents express their 
discontentment on the natural environment. In the community environment part, the answers are shown in Fig 1 and 
it shows that people are not satisfied with the community environment, the percentage of dissatisfaction with the 
problems is higher than any other questions in the questionnaire, such as the peculiar smell of tap water, weird smell 
of the dump, the tobacco smoke in the community and too dense the community buildings are. In the part of 
community security, there are 22.14% of the respondents worried when the disaster occurs because of the lack of first-
class facility and disaster prevention materials reserves. 14.81% of the people don't think regional public security are 
reliable. Narrow stairs and steep slope bring trouble to over 12.2% respondents. Most of the respondents barely not 
use the living service facilities and health care facilities, they only go to hospital several times per year. 
 
 
Fig. 1. Questionnaire results 
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2.2. Living indoor environment 
This part of the questionnaire investigate the potential health risk in the function rooms. The statistical results 
indicates that 17.65% of the respondents feel too hot in summer and 17.34% of respondents in winter, there are 7.4% 
of all respondents expressed dissatisfaction for cold in winter and hot in summer, most of these respondents live in 
the residence built for more than 10 years. 20% of the respondents feel nose and throat dry when wake up in winter. 
Otherwise, 17.28% of the respondents smell the smell at home, 22.2% of them can hear noise in the living room even 
doors and windows are closed, 11.44% of the respondents have the same feelings under the same conditions in 
bedrooms. 
Next part is about the potential health risks that exist in the kitchen. 13.6% of the respondents feel vapour and smell 
couldn’t be released to outside during cooking, that will prevent the concentration of PM2.5 decrease and increase 
risk of health problem. 17.65% of the respondents smell the smell in lavatory. It shows that part of the building 
ventilation system exist question, will not be able to clear away the peculiar smell in the residence in time. 
12.3% of the respondents often worry about anti-theft security and 10.7% of the respondents feel the cold external 
tile is cold even mildew. In reaction to the phenomenon, we will use infrared thermal image to analyze the wall.  
2.3. Health status 
30.88% of respondents feel not very healthy over the past month, 49.27% of the respondents feel the body can be 
minor pain over the past month. About 50% of the respondents score below 60 points for their work, life, health status, 
70% of the respondents score below 60 points for their economic status. 
Table 1. Effect of potential risks in different function rooms on general health 
**Correlation is significant at the 0.01 level (2-tailed). 
  *Correlation is significant at the 0.05 level (2-tailed). 
 
Table 1 shows that the effects of potential risks in different function rooms on general health. We list the factors 
which are statistically significant at the 0.01 level and 0.05 level. These factors may affect general health of people. 
Furthermore, financial and working situation also have effect on general health, they are significantly correlated with 
the general health of people at the 0.01 level (Finance: OR=0.395, P=0; Work: OR=0.366, P=0)[4,5].  
212 respondents answer the question "In this year, have you ever accepted treatment, examination or still are ill” 
and 22 respondents choose” Refuse to answer”, in the rest 190 people, 55 people suffer from decayed teeth, 26 people 
suffer from rhinitis, both diseases are common. 
 
  Without A/C in Summer Hot in Summer Noise Slippery Floor  
Living Room 
OR 0.125* 0.146* 0.248** 0.166**  
P 0.04 0.017 0 0.006  
  Hot in Summer Cold in Winter Dry Throat Noise Glare 
Bedroom 
OR 0.137* 0.179** 0.158** 0.272** 0.156* 
P 0.024 0.003 0.009 0 0.01 
  Odor and Vapor Mildew Smell of Tap Water Narrow Risk of Scald 
Kitchen 
OR 0.133* 0.225** 0.125* 0.174** 0.157** 
P 0.029 0 0.041 0.004 0.01 
  Cold in Winter Mildew Risk of Tumble   
Bathroom 
OR 0.157** 0.243** 0.153*   
P 0.01 0 0.012   
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Fig. 2. Respondent’s health statues. 
3. Field Measurement 
The field measurement objects are selected from the respondents’ residence, two respondents are workers a three 
respondents are common community residents. A 24-hour continuous field measurement for four of them and 114-
hour measurement for one community resident’s apartment. The monitoring of the project is the concentration of 
PM2.5 and CO2, the change of temperature and relative humidity. Detail information is shown as Table 2. 
Table 2. Information about residence of respondents 
3.1. Methods 
The measured parameters including temperature and humidity, CO2, PM2.5, background noise, etc. Living room 
measuring points locate near the sofa (table), apart from the ground 1 m. The bedroom temperature and humidity, 
CO2, noise measuring points are near the head of a bed, apart from the ground 1 m. The points in the kitchen and 
lavatory should be convenient to put on and prepare water-proof measures. Temperature and humidity, CO2 
measurement intervals are 10 min and PM2.5 measurement interval is 1 min. 
Objects Family Members 
Floor 
numbers/Building 
total floor 
Building 
Structure 
floor areas Built year Heating 
No.1 
Young couple and a 
daughter 
5/6 
Reinforced 
concrete 
89 m2 2003 Radiator 
No.2 Young couple 5/7 
Reinforced 
concrete 
75m2 2008 Radiator 
No.3 
Three adult sons and 
their old mother 
1/6 Brick concrete 78 m2 2003 Radiator 
No.4 
Young couple and 
daughter 
7/7 
Reinforced 
concrete 
136 m2 2002 Radiator 
No.5 
Middle-aged couple 
and old mother and a 
daughter 
16/28 
Reinforced 
concrete 
178 m2 2012 
Gas boiler & floor 
heating 
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3.2. Indoor air temperature and relative humidity 
The results of indoor air temperature and relative humidity measurement is show in Fig 3 and Fig 4. 
Comprehensively analyze Fig 1, Fig 2 and Table 2, it indicate that the indoor average temperature of residence 4 is 
higher than the standard value and the indoor average relative humidity of residence 4&5 is lower than the standard 
value. High indoor temperature and low relative humidity can make people feel uncomfortable. But residence 4&5 
living area is large, day-lighting is good and heating condition is good, that should due to the good building air 
tightness, long sun exposure time and wide coverage, good heating condition of the residence, and there are no 
humidification measures in the residence. 
 
 
Fig. 3. Indoor average relative humidity 
 
Fig. 4. Indoor average temperature 
3.3. CO2 
Analyze the measurement data of these five residences, it shows that from 21:00 to at 7:00 the next day, the 
concentration of CO2 is generally higher than the standard value 1000 PPM[6] which will cause health risk. The 
change of the concentration of CO2 in the night is shown as Fig 5. The analysis of 114-hour continuous measurement 
of residence 5 indicates that concentration of CO2 in the bedroom increased significantly during the night which is 
shown as Fig 6, he average value is 1467 PPM and that will affect people’s health.  
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Fig. 5. CO2 concentration during sleeping in bedroom 
 
Fig. 6. CO2 concentration in residence 5 
3.4. PM2.5  
The average value and the variation amplitude of the PM2.5 concentration is shown as Fig 7, the results shows that, 
the average value of the rest residences is lower than the standard value(75 μg/m³) (SEPA,2003) except for resident 
1. 
 
Fig. 7. PM2.5 average concentration of residences 
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The results shows that in the process of cooking the concentration of PM2.5 in the kitchen will rise, and the 
concentration of PM2.5 in the place of smoking. The change of PM2.5 concentration in each function rooms during 
24 hours is shown as Fig. 8. It turns out that when 15:00, 19:30, 23:00, according to the review record, the residents 
have cooked in these time.  If vapor and smell couldn’t be released to outside during cooking, residents will live in an 
environment of high concentrations of PM2.5. That will influence people's health. At 13:00, the concentration of 
PM2.5 rise sharply, that’s because the man was smoking at that time, the concentration of PM2.5 rise from around 
120 to 300, it slowly reduce and decreases rapidly at around 14:00 because of window opening, but it is still able to 
see that the speed of the concentration decline is very slow. The man suffers from rhinitis and chronic pharyngitis 
according to the questionnaires. 
 
 
Fig. 8. PM2.5 concentration in residence 1. 
3.5. Building thermal performance by using infrared thermal image 
 
Fig. 9. Infrared thermal image of building facade surface measured residence 
The measurement using FLIR B250 infrared thermal image to film exterior and the interior wall of the measured 
residence, the images is shown as fig.9. Fig.9 (3), fig9. (4), fig.9 (6) and fig.9 (7) indicate that the window, and the 
balcony side heat release is the largest, thermal imaging figure is red. That’s because there exist thermal bridge 
enhance heat transfer. If the thermal performance of envelope need to be improved, these are the problems that need 
to be solved. 
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Fig. 9.(1), Fig. 9.(2), Fig. 9.(3) shows that the temperature of the corner close to outside is lower than the other part 
of the wall, if the temperature of the corner is lower than the dew point temperature, it will be easy to condensation 
even mildew. The question “is the north side of the external tile cold even mildew?” indicates that the problem is not 
uncommon in Qiqihar. 
Fig. 9. (6), Fig. 9.(7) shows that, the internal face of external tile is cold, the temperature is lower than indoor air 
temperature, the lowest temperature is 13.2ć and the average indoor air temperature is 22.9ć, people will be affected 
by cold radiation from the outer wall, Which will bring people a sense of "blowing" uncomfortable feeling[7], It will 
affect human thermal comfort. 
4. Conclusions 
(1) The indoor temperature is generally higher than the design temperature, the thermal performance of envelope 
is generally good. (2) The indoor relative humidity is generally low, the results of questionnaires shows that the local 
residents are adapted to the dry environment. (3) Health risks exist in the community environment, there exist low 
thermal comfort evaluation problem in the old community. (4) Ventilation is not enough during the winter heating 
period, the concentration of CO2 and PM2.5 is high. It turns out that poor indoor air quality is associated with the 
diseases that family members often suffer from. (5) Building thermal performance problem exist in the cold exterior 
wall and windows, it will lead poor thermal comfort. 
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